An underlying assumption of existing research on human fathering and testosterone is that decreases in men's testosterone facilitates infant care-as proposed by the Challenge Hypothesis (Wingfield et al., 1990 )-but so far no study has directly tested this assumption. Instead, studies have only focused on whether interactions with infants produce long (Gettler, McDade, Feranil, & Kuzawa, 2011b) or short-term changes in fathers' T (Gettler, McDade, Agustin, & Kuzawa, 2011; Gray, Parkin, & Samms-Vaughan, 2007; Storey, Noseworthy, Delahunty, Halfyard, & McKay, 2011) . Moreover, these studies on short-term changes in T as a result of infant interaction have only used play-based interaction paradigms, and findings have been inconsistent across studies -play with infants rarely elicits significant changes in T.
Because crying is the primary modality of infant communication, situations that elicit men's empathic concern for their infants rather than a playful father-infant interaction may more readily elicit T reactivity. Understanding the social context is crucial for understanding T reactivity as T should decrease to facilitate sensitive and nurturing parenting behavior (van Anders, Goldey, & Kuo, 2011) . Indeed, fathers show greater neural activation when hearing infant cries compared to laughter, whereas non-parents show the opposite response (Seifritz et al., 2003) , suggesting that fathers experience stronger physiological changes when seeing their infants in distress compared to playing with their infants. Infant cries specifically activate regions important for attention and emotion that should support a father's ability to react appropriately to the situational context (Seifritz et al., 2003; Swain, Dayton, Kim, Tolman, & Volling, 2014; Swain, Lorberbaum, Kose, & Strathearn, 2007) . Thus, understanding the social context surrounding father-infant interaction is paramount.
For parents, infant cries are strong stimuli, and can often elicit multiple types of emotional responses, including empathy, annoyance, or aggravation. Individual differences in T reactivity to infant distress appears to be modulated by empathetic feelings and behavior. Men's T is lower when men feel empathetic when hearing recorded infant cries and engage in nurturing behavior with infant dolls, but men's T increases in the absence of empathetic feelings and behavior (Fleming, Corter, Stallings, & Steiner, 2002; Storey, Walsh, Quinton, & Wynne-Edwards, 2000; van Anders, Tolman, & Volling, 2012) . The absence of empathetic feelings and behavior in response to infant cries is highly problematic because lack of empathy leads to thoughts of infant abuse (Fairbrother, Barr, Pauwels, Brant, & Green, 2015) . Because increases in T facilitate aggressive behaviors (Carré, McCormick, & Hariri, 2011) , and are associated with decreased empathy (Fleming et al., 2002; Hermans, Putman, & van Honk, 2006) , increased T in response to infant distress could, at best, interfere with sensitive parenting behavior and, at worst, lead to infant abuse. Taken together, infant distress may trigger certain emotional responses that are accompanied by the corresponding hormonal response (empathy with decreased T, aggravation with increased T) that could facilitate matching behaviors (empathy with sensitive behavior, aggravation with negative, intrusive behavior). But, whether T reactivity to infant cries actually predicts parenting behavior is unknown.
All previous T-infant distress studies used stimulated infant cries instead of observing fathers with their own infants (Fleming et al., 2002; Storey et al., 2000; van Anders et al., 2012) . Given that fathers activate more strongly to their own infants compared to other infants in emotion regulation and empathy-related neural circuits (Kuo, Carp, Light, & Grewen, 2012; Swain et al., 2014) , men may be more motivated to soothe, protect, and care for their own infant given the intense nature of the parental attachment bond. Hence, the current study examined fathers' T reactivity to observing their own infants in a distressevoking laboratory paradigm.
Another obvious gap within the father-T literature is that in adopting a phylogenetic approach, it ignores crucial ontogenetic determinants of fathering, as proposed by the Multiple Determinants of Parenting Model (Belsky, 1984) . Fathering is a multiply determined process that operates from a proximal to distal manner (Belsky, 1984) . As such, fathering behavior is likely to be first determined by the social context at hand, then the father's empathy-related traits, and finally broader patterns of family functioning: the father's relationship with the infant's mother, and his overall quantity of involvement with the infant.
In this paper, we rely on two theoretical traditions, one from developmental psychology (Belsky, 1984) , the other from evolutionary biology (Wingfield et al., 1990) , to bridge ontogenetic and phylogenetic approaches to fathering research. We contend that fathering behavior should be multiply determined by psychological and socio-contextual factors, as Belsky (1984) postulates, but that testosterone should also factor into fathering behavior, as Wingfield et al. (1990) , contend.
In this study we explored two questions. The first question focuses on situational context within father-infant interactions. We explored whether fathers' testosterone changes in response to observing his own infant in distress compared to interacting in a play-based interaction. Based on previous experimental work on fathers' responses to playing with their children (Gettler et al., 2011; Gray et al., 2007; Storey et al., 2011) compared to men's responses to hearing audio-taped infant cries (Fleming et al., 2002; Storey et al., 2000; van Anders et al., 2012) , we hypothesized that fathers would experience significant changes in T in response to seeing their infants in distress. Our second question explored whether there were unique contributions of fathers' testosterone, the level of infant distress within the situational context, fathers' empathetic traits, marital relations, and quantity of childcare involvement on fathers' parenting behaviors. Because fathering is multiply determined by biological, psychological, and socio-contextual factors, we hypothesized that all of these factors would uniquely contribute to fathers' parenting behaviors.
Materials and Methods

Recruitment
Participants were part of a larger longitudinal study investigating changes in family functioning after the birth of a second child across five time points: prenatal (during mother's third trimester of pregnancy), and 1, 4, 8, and 12 months following the infant's birth. Women pregnant with their second child were recruited using advertisements and flyers posted in child care centers, local hospitals, pediatricians' offices, child-birth education classes, and obstetric clinics. Once families agreed to participate (N=241 out of 408 eligible), the first prenatal home visit was scheduled and the study was explained in greater detail with an opportunity for the parents to ask questions prior to consenting. Families were compensated $300 for completing all five time points of the study. Parents were asked to participate in the hormone substudy at the 12-month home visit. If parents consented to the hormone substudy, they provided three saliva samples during the 12-month laboratory visit. Each individual parent (mother or father) had the option to opt in or out of the substudy. A total of 175 fathers participated in the substudy.
Participants
The 175 participating father-infant dyads did not differ significantly from the recruited sample on father's age, years of marriage, infant's gender, or father's race/ethnicity, but had significantly higher household incomes (χ 2 (3) = 20.96, p < .001) and levels of father education (χ 2 (3) = 9.33, p < .05). See Table 1 for a summary of participant characteristics.
Study Summary
Data for the current report were drawn from a larger longitudinal study examining changes in the family after the birth of a second child using multiple methods (e.g., interviews, questionnaires, home observations). The hormone substudy was conducted at the 12-month time point and was designed to investigate how different hormones (e.g., T) were related to parenting and the quality of the infant's attachments to mother and father. Information obtained for the hormone substudy was used to address the questions of the current investigation.
At 12 months, two laboratory visits were conducted to assess the security of parent-infant attachment, parent-infant interaction, and variation in hormonal reactivity. The 12-month laboratory visit was completed at either 12 or 13 months of age and counterbalanced across mothers and fathers. In the current study, we used the Strange Situation Procedure (SSP) (Ainsworth, Blehar, Waters, & Wall, 1978) as a means of assessing whether men's T levels changed in response to their infant's distress. The SSP was designed to assess individual differences in infant-parent attachment relationships through a series of separations and reunions with parents. Separation from parents is a developmentally-challenging stressor for one-year-old infants which reliably increases infant stress (Gunnar, 2005) and other attachment behaviors (e.g., searching for the parent, clinging upon reunion). Parents often attempt to soothe and comfort their children upon reunion. We anticipated that fathers' observations, as well as their active involvement in managing their own infant's distress during the SSP, would elicit T changes comparable to those documented in earlier studies examining men's T reactivity to infant distress cues (Fleming et al., 2002; van Anders et al., 2012) . The 15-minute Teaching Task interaction session that followed involved a series of teaching tasks (Vondra, Shaw, & Kevenides, 1995) during which parent-infant interaction quality was assessed. Men were asked to teach their one-year-old infants how to use a series of toys (e.g., hit keys in order on xylophone) that were beyond their child's developmental age to accomplish alone during the Teaching Task.
The current report uses infants' distress levels during the father-infant SSP, parenting behaviors from the teaching task, saliva collected during the laboratory visit to assay T, fathers' reports of marital relationship quality at 12 months, division of infant care at 12 months based on couple report, and fathers' prenatal report of dispositional empathy and personal distress.
Study Protocol
Prior to the laboratory visit, fathers were given a consent form to participate in the hormone substudy at the 12-month home visit. Upon arriving in the laboratory between 7:57 and 19:27 hours, fathers were informed by a trained researcher about the procedures for the Strange Situation and the father-infant teaching task, as well as how to provide saliva samples for hormone analysis. Although we attempted to minimize time variation by scheduling visits between 13:00 and 18:00 hours (34% of visits), we prioritized the families' scheduling availability due to the large number of visits (~400 across mothers and fathers) that needed to be coordinated. To take diurnal variation into consideration, the time of the visit was used as a control in analyses. The procedure for the lab visit was as follows: First, fathers were instructed to provide a baseline saliva sample while their infants were with them in the waiting room (e.g., being held, playing on the floor with toys). Second, fatherinfant dyads participated in a videotaped SSP and following the SSP, fathers provided a second saliva sample (approximately 20 minutes after the first sample). Third, father-infant dyads participated in a 15-minute video-taped teaching task (Volling, McElwain, Notaro, & Herrera, 2002) , after which fathers provided the third and final saliva sample.
Infant Distress and Strange Situation Procedure
The SSP (Ainsworth et al., 1978) assesses the quality of infant-parent attachment relationships through a series of separations and reunions between parents and infants which become increasingly stressful over the course of seven 3-min episodes (following a 1-min introduction to the room). Infants often become visibly upset during the procedure, searching for their parents during separations, and seeking comfort and contact upon reunions. Each separation episode was rated by two trained coders for infant distress using a 5-point rating scale, with 1= no distress, to 5 = immediate full distress. Reliability between coders was determined using intraclass correlation coefficients (ICC) for each separation episode (Bartko, 1976) . Reliability cases were randomly chosen and comprised of 20% of the sample (ICC average across three episodes = .94). The mean of the distress ratings was calculated to create an average distress score across the two separation episodes (M = 3.04, SD = 1.28, Range = 1-5, α = .83). While separated from their infants, parents were allowed to observe their infants through a one-way observation window (and allowed to curtail the separation at their request) before returning to comfort their children during the reunion. Experimenters also curtailed separation episodes if they judged the infant's distress had reached extreme levels, as is standard practice when conducting the SSP.
Teaching Task and Coding
During the teaching task, the fathers and infants were presented with three different toys, each in separate boxes with an instruction card specific to that toy (Vondra et al., 1995) . Fathers were asked to teach the infant to hit each key on a xylophone with a mallet, push all of the levers on an activity box, and hit the shapes on a toy turtle's back. Fathers were told that all of the tasks were beyond the ability of a 12-month-old infant to complete alone and were asked to help their children do the best they could. Fathers were given five minutes for each toy. The teaching task session is challenging for both parents and infants, and requires more active parent participation than a standard free-play situation (Volling et al., 2002) . Five trained coders rated each five-minute episode separately for the father's behaviors using a coding system adapted from the NICHD Study of Early Child Care (Network, 2000) , with 1 = Not at all Characteristic to 7 = Very Characteristic. Global codes were used to assess each 5-minute period in its entirety for each of the behavioral codes described below, and then averaged across the entire 15 minute paradigm (3 periods). Reliability between coders was determined using intraclass correlation coefficients for each 5-minute epoch (Bartko, 1976) . Reliability cases were randomly chosen and comprised 19% of the entire sample.
Sensitivity/Responsiveness (ICC = .86) focused on how the father responded to and observed the child's expressions, gestures, and signals, including whether the interaction was childcentered. Intrusiveness (ICC = .88) measured how over-controlling and intrusive fathers were toward their child (e.g., not allowing the child to influence the pace or focus of the interaction and failing to modulate behavior that elicited distress from the child). Detachment (ICC = .88) measured how emotionally uninvolved or disengaged the father was toward the child (e.g., failing to respond to the child's approaches, vocalizations, smiles, or other social bids). Positive regard (ICC = .85) measured the father's positive feelings toward the child (e.g., smiling, warm tone of voice). Negative regard (ICC = .85) rated the father's negative feelings (e.g., disapproval, sarcasm) toward the child. Stimulation of cognitive development (ICC = .85) measured the degree to which the father tried to foster the child's cognitive development (e.g., attempting to focus child on task).
Means of each parenting code were calculated across the three 5-minute teaching task sessions based on previous research to form a parenting composite (Vandell, 1996) . The parenting composite was calculated as: Sensitivity + Positive Regard + Stimulation of Development -Intrusiveness -Negative Regard -Detachment. A higher score indicated more sensitively-engaged fathering whereas a lower score indicated more intrusive and detached fathering. The first principal component of the six subscales confirmed the signs assigned to the subscales of the composite.
Father's Empathy and Personal Distress
Fathers completed the Empathic Concern (7 items, α = .77, e.g., "I often have tender, concerned feelings of people less fortunate than me") and Personal Distress (7 items, α = . 71, e.g., "In emergency situations, I feel apprehensive and ill-at-ease") subscales of the Interpersonal Reactivity Index (Davis, 1980) . Each item was rated from 1 = does not describe me well to 5 = describes me very well. Scores were calculated by taking the mean across items.
Marital Quality
At 12 months, fathers completed the 25-item Intimate Relations Questionnaire (Braiker & Kelley, 1979) , which measured four dimensions of the marital relationship: love (α = .86, e.g., "To what extent do you love your partner at this stage?"), ambivalence (α = .76, e.g., "To what extent do you feel 'trapped' or pressured to continue in this relationship?"), maintenance (α = .69, e.g., "To what extent do you try to change your behavior to help solve certain problems between you and your spouse?"), and conflict (α = .72, e.g., "When you and your spouse argue, how serious are the problems or arguments?"). Each item was rated on a 9-point scale ranging from 1 = not at all/never to 9 = very/extremely. Subscale scores were calculated by averaging across items.
Division of Infant Care
Division of infant care was assessed during the 12-month home visit during a joint couple interview. Husbands and wives had to jointly agree on their involvement in nine tasks over the past month (e.g., "changing poopy diapers", α = .84) and each task was rated from 1 =Almost Always Mother to 5 = Almost Always Father. The mean across items was calculated, with a score of 3 indicating shared involvement.
Saliva Collection and Assays
Saliva samples were collected in 50mL polypropylene tubes (United Lab Plastics) three times during the laboratory visit. Participants provided 10 mL of saliva per sample. Saliva collection was stimulated by chewing sugar-free Trident Original gum, which was found to leave testosterone assay results unaffected (Dabbs Jr, 1991) . The first sample was collected as a baseline after the fathers arrived in the laboratory (T1). The second sample (T2) was taken after the Strange Situation, which was approximately 15 minutes after the first separation of the SSP. The third sample (T3) was taken after the teaching task, approximately 20 minutes after the second sample. All samples were frozen at −20 Celsius until assayed. Samples were analyzed by radioimmunoassay using a commercial kit from Siemens Healthcare. The assay was modified for use with saliva according to published protocol (Campbell, Schultheiss, & McClelland, 1999) . Water-based dilutions of all standards and controls were prepared to determine salivary testosterone concentrations. Samples were assayed in duplicate and the mean levels for each sample were utilized for analysis. Controls were used to assess assay reliability. The intra-assay CV was 10.17%, and the inter-assay CV was 21.22%. We created a composite of T reactivity, defined as the percent change ((T2 -T1)/T1)*100); a commonly-used method of assessing short-term T reactivity (Carré, Iselin, Welker, Hariri, & Dodge, 2014; Fleming et al., 2002; Gray et al., 2007; Storey et al., 2011; van Anders et al., 2012; Weisman, Zagoory-Sharon, & Feldman, 2014) . This composite of T reactivity is not subject to the usual interpretational difficulties when difference scores are used as predictors in a regression because T reactivity is normalized by T1. 1 1 The use of difference scores in regression, both as predictor and as dependent variable, continues to be debated (Allison, 1990; Shadish, Cook, & Campbell, 2002) . The key concern when a difference score is used as predictor is that the regression slope, beta, associated with a composite predictor is difficult to interpret because the beta will be a function of variances and covariances from the variables that created the composite score; however, this critique is true for all regression betas, which are always combinations of variances and covariances from all variables in the model. Some advocate a residualized change score by including both T1 and T2 as separate predictors. Our approach for dealing with these concerns is to use percent change instead of the raw difference score because percent change normalizes the difference by the individual's own baseline; we report statistical inference for models both with and without testosterone at T1 as a covariate.
Statistical Analyses
T levels at T1 had no outliers (± 3 SD), T2 had 1 outlier, and T3 had 4 outliers. These values were excluded from further analyses. T percent change values were considered to be outliers if they were +/− 3 SD from the mean. T change from T1 to T2 had 2 outliers, from T1 to T3 had 5 outliers, and from T2 to T3 had 4 outliers, and these values were excluded from further analyses, which is standard practice in prior T research (Carré et al., 2014; van Anders et al., 2012) . Eight values were missing for T1, 4 for T2, and 9 for T3 due to error in sample collection or assay, and blood contamination in samples. Results from Little's ChiSquare Test of MCAR (Little, 1988) revealed that T level values were missing completely at random (χ 2 (7) = 8.378, p = .30). Thus missing data cases were excluded from analyses via pairwise deletion for the zero-order correlations, an acceptable procedure for data missing completely at random (Allison, 2001) . To maximize power, missing data were dealt with by using full information restricted maximum likelihood (FIRML) in the linear mixed model and regression analyses.
To address our first aim, mean testosterone levels were examined using linear mixed models to assess change in fathers' T over the three times of saliva collection. Where relevant, degrees of freedom for the linear mixed models were computed using the Kenward-Roger correction. To address our second aim, which focused on examining whether variation in T reactivity, along with other psychosocial determinants, predicted fathering behavior, we conducted a series of five hierarchical regression models.
Results
Our preliminary analyses included testing for potential covariates of T, T reactivity, and fathering behaviors. Potential known confounds of T levels (last time brushed teeth, father's age, time of day, BMI, and seasonality) were evaluated as potential covariates in Pearson correlations. BMI, time of day and last time brushed teeth were significant covariates of Time 1 (baseline) testosterone (T1) and Time 2 (after SSP) testosterone (T2). Time of day and last time brushed teeth were significant covariates of Time 3 (after Teaching Task) testosterone (T3). The same T level confounds were evaluated as potential covariates for T reactivity. There were no significant covariates for T1 to T2 percent change. Covariates were only included in analyses when they were significantly associated with the relevant T variable; therefore, none of these covariates (last time brushed teeth, father's age, time of day, BMI, and seasonality) were included in analyses involving T1 to T2 percent change. We also tested whether demographic variables (father age, years married, father's education, father's race/ethnicity and infant's gender) covaried with fathers' parenting behaviors that may need to be controlled in the hierarchical regressions, using correlations (fathers age and years married) and one-way ANOVAs (fathers' education, race/ethnicity, household income, and infant gender). Infant gender was the only significant covariate and was included in the regression analyses predicting fathers' parenting behavior.
We first examined the raw T scores at the three time points to assess the fathers' T trajectories across the laboratory sessions. We conducted a linear mixed model, using significant covariates identified in our preliminary analyses (BMI, time of day, time since last brushed teeth). There was a significant omnibus time effect, F(2, 293.1)= 29.60, p < . 001, indicating that, on average, fathers' T declined significantly over time. Pairwise comparisons of mean differences between T levels showed that baseline T was significantly different from T2 after SSP, t(143.93) = −5.69, p < .001, and T3 after the teaching interaction, t(143.93) = 7.34, p < .001, but T2 and T3 were not significantly different from each other (p = .099). In sum, fathers, on average, displayed a significant decline in T while observing and interacting with their infants as they participated in the stressful SSP, but showed no additional significant change in T during the time they interacted with their infants in the Teaching Task.
Having established the basic trajectory of T patterns across the three time points, we conducted Pearson correlations to examine the associations between T levels at baseline (T1), after the SSP (T2) and after the Teaching Task (T3), and percent change scores across the three segments with the psychosocial determinants of fathering in line with Belsky's (1984) determinants of parenting model where father characteristics (e.g., dispositional empathy and personal distress), infant characteristics (e.g., infant's distress during the SSP, infant gender), and social-contextual characteristics (e.g., the division of childcare, marital relationship quality) predict fathers' parenting behaviors during the Teaching Task (see Table 3 ). T1 was positively associated with fathers' dispositional empathic concern. Only the correlation between the T percent change score from baseline (T1) to after SSP (T2) was significantly, negatively correlated with fathers' parenting behaviors during the Teaching Task (p < .05) indicating that greater declines in T during the SSP were associated with fathers' more sensitive, cognitively stimulating and positive interactions with their infants. All other T levels and percent change scores, including the percent change across T2 and T3 while fathers interacted with their infants in the Teaching Task, were not significantly correlated with fathers' parenting behaviors (p's ≥ .239). Individual differences in fathers' T were highly stable across the three time samples as indicated by the significant positive correlations in men's T across T1, T2, and T3 (see Table 2 ).
Fathers' parenting behaviors were also positively associated with fathers' dispositional personal distress (p < .01), their reports of marital love (p < .05), and infant distress during SSP (p < .05). Marital love was the only marital quality dimension significantly associated with fathers' parenting behavior and was used in subsequent analyses as an indicator of marital relationship quality (marital maintenance, conflict, ambivalence: p's > .250).
We used hierarchical multiple regression with full information restricted maximum likelihood to test whether T reactivity to the SSP, infant distress, fathers' empathy, marital relationship quality, and division of infant care each uniquely predicted fathers' parenting behavior in the Teaching Task. We included the variables in steps guided by Belsky's (1984) Multiple Determinants of Parenting model, in which variables were added from proximal to distal influence. We first included variables that were immediate to the situation (father's T reactivity and infant distress in SSP), then fathers' individual characteristics (empathic concern, personal distress), and finally, family-level constructs (marital relationship quality, division of infant care). We were particularly interested in fathers' declines in T during the SSP because the procedure requires that fathers observe their infant's distress, as well as comfort and soothe their infants, and because it was the only T change score significantly correlated with fathering behavior. We hypothesized situational T reactivity in this emotionally-eliciting context would be predictive of sensitive parenting behaviors during the Teaching Task. We added time of day and infant gender in the first step as controls. T reactivity to the SSP was then added in the second step to test whether T reactivity predicted fathering behavior, and this model fit significantly better than the first model that only included time of day and infant gender (p < .05). In the third step, infant distress was added to assess whether T reactivity was indirectly affecting fathering via levels of infant distress, and this addition significantly improved the model fit (p < .05). In the fourth step, fathers' dispositional tendencies (empathic concern and personal distress) were added to assess whether fathers' empathy-related characteristics may account for the role of T reactivity and infant distress in fathering behavior, but this did not significantly improve model fit (p = .149). In the fifth step, marital love and division of infant care were added as contextual predictors of fathering and significantly improved model fit (p < .05). Results presented in Table 3 revealed that T reactivity from T1 to T2 uniquely predicted (p < .05) fathers' parenting behavior across models at Step 2 through Step 5, even when controlling for time of day. The pattern of results and statistical significance for T reactivity remained the same when baseline T1 was added as a covariate in each of the models. Consistent with Belsky's model, multiple psychological and socio-contextual factors also uniquely predicted fathers' parenting behavior in the final model: infant gender, with fathers being more positively engaged with daughters compared to sons, fathers' trait personal distress and marital love, which both positively predicted fathering behavior. When we tested alternate models that examined whether levels of T (T1, T2, T3) or concurrent changes in T (T2-T3) during the Teaching Task were predictive of parenting behaviors, all T predictors in these models were nonsignificant (all p's > .12).
Conclusions
We explored whether changes in fathers' T in response to their own infants in distress predicted sensitive and positively engaging fathering behavior during a teaching task. We found, on average, that fathers' T declined in response to the SSP, quite possibly in response to witnessing their infants in distress, and not during their time interacting with the infant in the Teaching Task. We also explored whether fathers' parenting behavior could be predicted by biological, psychological, and socio-contextual factors. We found that infant characteristics, fathers' T reactivity to infant distress, fathers' empathy related traits and relationship quality with the infant's mother each uniquely predicted fathers' parenting behavior. The remainder of this discussion will evaluate and contextualize our findings.
Average Patterns of Testosterone Reactivity
On average, fathers' T declined significantly during the SSP and not the Teaching Task. We hypothesized that these T declines were elicited because fathers were not only observing their infants in distress during the separations of the SSP, but also because of their active participation in comforting and soothing their infants upon reunion. We cannot, however, rule out the possibility that men's T would have declined initially during the first 20 minutes of the lab visit regardless of whether it was the SSP or the Teaching Task that occurred first because we did not counterbalance the two sessions. Future studies that wish to elucidate how fathers' testosterone changes in response to infant distress compared to playful interaction should counterbalance the SSP and the Teaching Task. Although the lack of counterbalancing within our study is a methodological issue, our results are consistent with previous work that has found that infant cries elicit significant changes in T (van Anders, Tolman, & Jainagaraj, 2014; van Anders et al., 2012) compared to playful interactions, which often do not (Gettler et al., 2011; Storey et al., 2011) .
Individual Differences in Testosterone Reactivity
T reactivity during the SSP predicted subsequent sensitive, responsive fathering during the father-infant teaching task, whereas concurrent changes in T during the teaching task were not associated with fathers' behaviors, nor were absolute levels of T. Our results suggest that individual variation in fathers' T reactivity during a stressful laboratory paradigm in which fathers interacted and comforted their own distressed infants predicted individual differences in sensitive fathering. These findings also support prior research that men's T declined in response to infant distress when men were allowed to nurture and respond to infant distress (van Anders et al., 2012) . We hypothesize, based on the current findings and previous work on men's empathy, that fathers' T reactivity to infant distress is potentially modulated by cognitive appraisals of their infant's distress, and that fathers' dispositional empathic characteristics may shape how they respond to their distressed infant. For example, if fathers interpret infant crying as a means of communicating the infant's internal emotional state and empathize with their infant's distress, they may experience a decline in T, which may, in turn, facilitate a nurturant response. Alternatively, when fathers interpret their infant's crying as aggravating, they may experience increases in T which, in turn, facilitates an intrusive or negative response. We acknowledge that a limitation of this study is that we did not measure fathers' actual feelings of empathy and personal distress before, during or after the SSP, and instead, used a measure of dispositional empathy. Future research examining fathers' responses to infant distress may need to examine situational empathy directly.
Although fathers' parenting behaviors during the Teaching Task were not concurrently related to T change during the Teaching Task (i.e., T2-T3 percent change), infant distress during the SSP was related to further declines in fathers' T during the Teaching Task (see correlations in Table 2 ), providing additional evidence for the link between men's T reactivity in response to infant distress. We cannot determine, however, whether there is a mechanism that drives both fathers' sensitivity and their T decreases. Future research is needed to replicate our findings. T production is regulated by the hypothalamic-pituitarygonadal axis (Swerdloff, Wang, & Bhasin, 1992) , but the underlying mechanisms by which T is implicated in parental responsiveness in humans is largely unknown (Bos, Panksepp, Bluthé, & Honk, 2012) . There may be other hormones implicated, such as prolactin, which facilitates paternal behavior and is inversely related to testosterone, (Reburn & WynneEdwards, 1999) , progesterone, which increases affiliation and acts as a suppressor of T (Brown et al., 2009) , estradiol, which is converted from testosterone in the brain (Trainor & Marler, 2002) , or cortisol, which also suppresses T (Sapolsky, 1985) . Therefore, decreases in testosterone may be associated with increases in cortisol, prolactin, progesterone, and estradiol, and these in turn, may facilitate sensitive, nurturing behavior in fathers. Given that infant cries elicit activation in men's brain regions associated with motivation, emotion regulation and social cognition , the activation of these areas during fathers' exposure to their infant's cries may elicit changes in hormone levels, which, in turn, facilitate sensitive fathering behaviors. Future studies would benefit by assessing these additional hormones and consider them simultaneously in the prediction of fathering behavior to determine if changes in T still remain significant in predicting human paternal behavior.
Given the situational specificity of our current results, we must also acknowledge that other contexts (such as infant defense) may result in different T responses for men that may or may not be related to sensitive parenting (van Anders et al., 2011) . It may be more useful to consider men's androgen levels as part of a flexible regulatory system that responds to environmental demands. For instance, situations in which the infant may be at-risk for harm or injury inflicted by others might elicit increases in men's T and require that fathers react quickly and aggressively to protect their infant (van Anders et al., 2011) . Thus, we are not arguing that universal declines in T will always be associated with "good fathering" but that the contextual demands of the caregiving context (i.e., protection from harm versus nurturance) as well as the anticipated functional outcome for the infant need to be considered when interpreting relations between men's T responses and paternal behavior.
The Role of Psychosocial Characteristics in Predicting Fathering Behaviors
Our results also indicated that sensitive responding during father-infant interaction was multiply determined by infant, father, and social contextual characteristics (Belsky, 1984) . In addition to T reactivity, our final regression model revealed that the infant's gender, fathers' reports of marital love, and fathers' dispositional personal distress were unique predictors of fathering behavior. Specifically, fathers of daughters were more sensitive than fathers of boys, whereas men's personal distress reactions and marital love positively predicted sensitive fathering behaviors. Observer-rated levels of infant distress, empathic concern, and quantity of father involvement in physical care did not uniquely predict fathering behaviors during the Teaching Task.
Infant Characteristics
Fathers of daughters were more sensitively engaged than fathers of sons, consistent with previous research comparing fathers' sensitivity during interactions with toddler girls and boys (Lovas, 2005) . Fathers may behave differently with girls and boys based on their own beliefs about gender (Bem, 1983) . For example, fathers may believe girls are more delicate and, in turn, behave more sensitively with daughters than sons. Although we did not examine fathers' gender beliefs, sex-typed behavior toward infants tends to operate subconsciously (Culp, Cook, & Housley, 1983) , so fathers may be unaware that they are less sensitive toward boys.
Observer-rated levels of infant distress during the SSP was a unique predictor of fathers' parenting behavior when initially entered into our hierarchical regression models, but were no longer significant when fathers' empathic traits were entered into the model at step 4, indicating that fathers' empathy-related psychological state could be explaining the relationship between situational context (infant distress) and fathers' parenting behavior.
Fathers' Personality Traits
Fathers' empathic concern did not predict parenting behavior, but personal distress did. Our findings are likely guided by the operational definition of these variables. Our measure of empathic concern assesses the tendency to feel concern for those who are less fortunate, whereas the personal distress scale measures the tendency to feel discomfort and distress when observing others in distress (Davis, 1980) . Concern for others who are less fortunate may not apply to fathers' interactions with their infants, because it is unlikely that fathers believe their children are less fortunate than them. In contrast, fathers who have greater trait personal distress may be more reactive, both physiologically and psychologically, when they observe their own infants in distress (Ho, Konrath, Brown, & Swain, 2014) . These reactions may, in turn, mobilize the father to soothe his infant to reduce both the infant's distress and his own.
Contextual Family Characteristics
Fathers' quantity of involvement in the physical care of their infant did not uniquely predict their quality of behavior during the Teaching Task. We offer two explanations for this finding. First, there are very few primary caregiving fathers in our sample. On average, couples reported that mothers usually did most of the physical care for the infant (e,g, feeding, changing diapers). Therefore, there may not have been enough variation in the quantity of fathers' involvement to predict the quality of their fathering behavior. Alternatively, quantity may not predict quality because they are two discrete constructs: there may be less variation in quantity, but more variation in quality. Except in extreme cases of abuse or neglect, most parents attend to an infant's physical needs. But, not all parents behave in a sensitive manner with their infants.
Fathers' love for their spouses positively predicted their sensitive parenting behaviors. These findings are consistent with a vast literature on the spillover between marital relationships on father-child relationships (Belsky & Jaffee, 2006; Cummings, 2010; Parke, 1996) . More love between spouses translates into greater warmth in the family and thus, more sensitive parenting behaviors. Although we did not measure fathers' typical patterns of parenting behavior, it is likely that fathers who are more sensitive with their infants at home were more sensitive with their infants in the laboratory during the Teaching Task.
Conclusions
Fathering involves a complex combination of nurturance, protection, discipline, teaching, and mentoring that varies across the infancy, childhood, and adolescence of their offspring. Undoubtedly, the relations between fathering behaviors, hormonal variation, and neural networks will be equally complex. This will require that future research move beyond an examination of between-group differences (e.g., fathers versus non-fathers) and begin to examine individual differences (i.e., within-group) and how fathers respond to different caregiving demands. In this paper, we bridged ontogenetic and phylogenetic approaches to understand individual differences in fathers' parenting behavior. Sensitive and responsive fathering has been linked to young children's social, emotional and cognitive development and our study provides some of the first empirical evidence that declines in fathers' T, in addition to fathers' empathy-related traits and family context characteristics may benefit infant socioemotional development by enhancing nurturant fathering behaviors. Kuo et al. Page 17 Table 3 Hierarchical Regression Predicting Fathering Behavior during Teaching Task (N = 162), removing all T level outliers and T1-T2 percent change outliers.
Similar pattern of significant results for T1-T2 reactivity emerged when including baseline T1 in all models.
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